The condition 0 < Z < 1 and an intrinsic mass scale in Quantum Field Theory by Joglekar, S D
The condition 0 < Z < 1 and an intrinsic mass








In this work,we suggest a view-point that leads to an intrinsic mass
scale in Quantum Field Theories.This view-point is fairly independent of
dynamical details of a QFT and does not rely on any particular framework
to go beyond the standard Model.We use the setting of the nonlocal quan-
tum eld theories with a nite scale parameter Λ, which are unitary for
nite Λ.We propose that the condition 0 < Z < 1 [wherever proven] can
be rigorously implemented /imposed in such theories and that it implies
the existence of a mass scale Λ that can be determined from this condi-
tion.We further propose that the nonlocal formulation should be looked as
an eective eld theory that incorporates the eect of dynamics beyond an
energy scale and which breaks at the intrinsic scale Λ so obtained.Beyond




Forthcoming data from accelerators will enable one to access en-
ergies in the TeV region and will ,in addition, to testing the Standard
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Model ,enable to discover Physics at the higher energy scales of TeV
and beyond.There are a number of models which predict new Physics
beyond the Standard Model. These are based on various schemes of
Grand Unication/intermediate scale unication as well as models
based on Supersymmetry and superstrings.These works and recent
works involving higher dimensions predict scales of energies at which
new Physics would emerge.These mass scales depend, naturally, on
the dynamical details of the models.In this work,we wish to suggest
a view-point,based solely on a given Quantum eld theory used for
describing physical processes at present energies.We wish to suggest
that an intrinsic scale exists in a Quantum Field Theory and that it
can lead to testable consequences in the near future.A view point,
similar to this,but based on the understanding of the renormalization
program,has also been sugested in Ref.13.This view-point is likely
to be of a general use without specic reference to a model used to
predict physics beyond the Standard Model.
The presently successful theory of strong, electromagnetic and weak
interactions, viz. the standard model (SM) is a Local Quantum Field
Theory (LQFT) [1]. Local Quantum Field Theory calculations, when
done perturbatively are generally plagued with divergences and this
certainly holds for the SM calculations [2]. The initial successes of the
rst LQFT viz. Quantum electrodynamics (QED) were based upon
the renormalization program initiated by Feynman, Schroedinger,
Tomonaga and developed to a general form by Dyson [3]. This pro-
gram gives an elaborate procedure for dealing with divergences in
LQFT. When this procedure is followed order by order in perturba-
tion theory, it was demonstrated that all the divergences in the theory
could be absorbed in the denitions of renormalized elds and param-
eters as related to the unrenormalized ones. These relations were
obtained by imposing by hand "renormalization prescriptions" on the
1PI (proper) vertices which amounted to giving by hand (i.e., from
experiment) the physical masses and couplings (and other unphysi-
cal parameters) then the renormalized S-matrix was indeed nite in
terms of these. This procedure was highly successful for QED and
more so for the further development of Standard Model [2]. It also
yielded many results based on renormalization group equations and
Callan-Symanzik equation [4].
The renormalization procedure, despite several initial misgiv-
ings, came to be regarded as an essential established part of LQFT
primarily due to the successes of renormalized LQFT in particle
physics. However, as any text book discussion shows, the treat-
ment of divergences in perturbation theory is highly suspicious from
the point of view of mathematical rigor [See e.g. Ref.2].
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Denition of the innite Feynman integrals involved requires a
regularization. A regularization such as Pauli-Villars violates unitar-
ity for any nite cut o [5], which is recovered only as  -> 1. Fur-
ther in a calculation to any nite order of perturbation theory one
makes mathematically unjustied truncations. Thus, in a Pauli-
Villars regularization, if
Z = 1 + a g
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Z-1 = 1 - a g
2
ln 2 +O(g4) (1.2)
which is mathematically invalid even for nite (but large enough) . Similar
truncations are made in any regularization. Thus one does not have, in the
conventional renormalization of LQFT procedure, unitarity and mathematical
consistency for any nite (but large enough) . Further, the relation(s)such as
0 < Z < 1 for the wavefunction renormalizations (wherever applicable) obtained
from LSZ formulation without recourse to perturbation procedure[6] have to be
ignored in these procedures as Z turns out to diverge in perturbation theory
[6]. Despite these mathematical shortcoming the renormalization program has
succeeded exceedingly well.
Since early days, one has felt that it may be possible to
cure the procedure of these shortcomings; but it has not been possi-
ble. However, now nonlocal formulations of eld theories (NLQFT)
are possible [7,8] in which the theories have a nite scale  and are
nite (with  nite), unitary and causal for nite . We nd it con-
venient to use such a formulation as the background for our line of
reasoning. In such formulations, gauge (and other symmetries) can
also be preserved, in a generalized (nonlocal) form [8]. They also
admit results of renormalization group at nite . One can look
upon these formulations in two possible ways: (i) as a new nonlocal
regularization scheme, an augmentation of the available regulariza-
tion and renormalization procedures or (ii) as theories in which 
having a xed nite value serves as the underlying (possibly eec-
tive) theory itself. This latter view point has been proposed in Ref.
8 and has also been extended and followed up in Ref. 9. In these
theories, all calculations are (strictly) nite and (nite) renormaliza-
tion procedure is needed only for organization of calculations to a
given order. We wish to work in the context of such a theory with
a nite . We wish to demonstrate that in such formulations, the
mathematical consistency requirements and the relation 0 < Z < 1
can in fact be implemented literally and nontrivial conclusions can be
drawn from it, which would not be possible in the usual formulation of
the renormalization procedure. This approach does, in fact, explain
where and why the usual renormalization procedure works[13].
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We outline the approach(es) we want to adopt. We suppose that
the particle physics theories are in fact described by a nonlocal action
of the type proposed in Ref. [8] with a nite parameter  present in
it. Presence of such a parameter can be looked upon in two ways [9];
and we discuss our results in the context of both. In the rst ap-
proach we may regard 1/ as the scale of nonlocality arizing possibly
from a fundamental length scale already existing in nature. In this
approach, the NLQFT is an exact theory valid to all energies. In the
second approach, which is probably more plausible, the nonlocal the-
ory is looked upon an eective eld theory valid upto a certain energy
scale (dependent on ) and beyond this scale, the theory would have
to be replaced by another NLQFT of a more fundamental nature.
We summarize the plan of the paper. In section II, we
briey introduce the nonlocal quantum eld theories of Ref. [7,8]
which we use as the base for our arguments. We also formulate
our interpretation of these theories useful in this work. In Sec III,
we deal with the relation 0 < Z < 1, and show that this can be
implemented in perturbation theory meaningfully and show it also
implies the existence of a mass scale by itself. We make tentative
calculations to show how we can arrive at mass scale . We conclude
that we may end up with a scale whose eects may be testable
experimentally in near future. Moreover, with this mass scale, the
usual perturbative manipulations such as those in (1.1)-(1.2) may
also turn out to be mathematically rigorous[13].It is possible that
models based on non-commutative geometry [which also involves a
scale] could lead to a similar result,if they could be developed to the
same degree as the nonlocal eld theories.[14]
2 Nonlocal Quantum Field Theories (NLQFT)
and their physical interpretation
In this section, we shall introduce the way of formulating nonlocal
quantum eld theories given in reference 8 with the help of 4 theory
and elaborate on physical interpretations we wish to associate with
it.
2.1 Nonlocal φ4 theory
Consider a local theory with the action written as a sum of the






d4x { F +I[]g (2.1)
where ' represents the elds (fermionic, bosonic) of the theory
with the appropriate spacetime and internal symmetry group in-
dices. F is the 'kinetic' operator for the eld ' and I['] is the
interaction part of S[']. For the 4 theory,
F = (-@2 - 2) (2.2)
and
I[]g= R d4x4 4 (2.3)
Nonlocalization of S['] is carried out using a 'smearing' operator de-
ned in terms of the kinetic operator F of the theory as
" = exp[ F22 ] (2.4)
 is the scale of nonlocality. With the help of the smearing operator,
we dene a smeared eld by
b = "−1 (2.5)
Next, for every eld ' we introduce an auxiliary 'shadow' eld 'sh of
the same type as ' which couples to ' through an auxiliary action S
given by




d4x { bF b +sh#−1sh+I[+sh]g (2.1)
(2.6)
where #is the 'shadow' kinetic operator dened as
#=("2 - 1)F−1 (2.7)
The action for the nonlocalized theory
bS[] is then dened by
bS[]=S[; sh()] (2.8)
where 'sh['] is the solution of the classical shadow eld equation
S
sh
[; sh ]=0 (2.9)
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Quantization is carried out in the path integral formulation. The
quantization rule is given by
<T*(O[]) >=
R
D[]O[b] exp [ibS[]] (2.10)
These theories are known to be unitary even for nite , and are
causal [8]. In such formulations, gauge and other symmetries can be
preserved in a generalized nonlocal form [8]. They also admit results
on renormalization group at nite  [8].
2.2 Possible interpretations of NLQFT
The formulations of NLQFT's of ref. 8 were originally proposed as
a new regularization procedure. Thus with this interpretation  is
kept nite as a regularization with the understanding that > 1
in the end in renormalized quantities is to be taken. In this sense,
NLQFT's only serve as another regularization scheme.
In view of the fact that these theories are unitary and causal and
can preserve gauge invariance even for nite , another view point
has been proposed /elaborated in 9. In these theories, we regard
, a nite value, as an intrinsic part of the theory. The parameter
 can in fact have any of the two interpretations: (i) It can refer
to an intrinsic space-time scale underlying the standard model [also
proposed in Ref.8] or (ii) it can refer to the scale of which the NLQFT
breaks down. We elaborate on the last view-point further. We
may look upon the NLQFT (say nonlocalized version of the Standard
Model) as an eective eld theory [10] that is supposed to hold upto
a scale ; beyond which it may have to be replaced by another
theory/QFT with ner constituents for example.
3 INTERPRETATION OF 0 < Z < 1 RELA-
TION IN NLQFT's
In this section, we wish to rst of all point out that the relation im-
plied by the LSZ theory[11], viz. 0 < Z < 1 [wherever such a relation
can be formulated], can in fact be implemented in perturbation the-
ory contrary to what has become the prevalent belief; and further
that it can, in fact, have an interesting interpretation for the scale of
validity of a particular local Quantum Field Theory formulation as a
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physically viable theory. [We note here that Z is the wavefunction
renormalization on mass shell and has no ambiguity about it.]
The relation 0 < Z < 1 has a simple physical interpretation; in that
Z relates to the probability that the state created by the Quantum
Field operator '(x) | 0> contains in it the single particle states.In a
free eld theory, we expect none but the single particle states in '(x)
|0> and hence, Z = 1.As a result of interaction, multiparticle states
become possible and the net probability of single particle states in
'(x) | 0> diminishes.Of course,we never expect this probability to be
negative;hence 0 < Z.The relation





is the partition of the total probability into quantities related to
the single particle and the multiparticle scattering states.





(2)d2 diverges in perturbation theory and consequently
Z >1:This ,of course, looks a suspect situation for QFT ;but when
the renormalization procedure was advanced and shown to work ex-
tremely well theoretically and to lead to accurately veriable exper-
imental results [2],physicists developed faith in it and found it un-
avoidable to ignore this relation for Z.
We wish to propose that the relation 0 < Z < 1 [wherever proven]
can, in fact, be implemented in perturbation theory in NLQFT's;
have the physical meaning it is said to have in the earlier part of this
section and at the same time preserve the advantages of the standard
renormalization program .[In other words, the proposal here does
not clash in any way with the standard renormalization program but
suplements it.] It is but natural that the implementation of [an extra
] relation can lead to a new physical output and we shall propose one
in this section: An energy scale !
We nd it fruitful to combine the last interpretation of the
NLQFT's given in Sec. II and the relation 0 < Z < 1.This interpre-
tation, briey mentioned in the II is reiterated below:
Today we have come to regard a QFT describing physics as
an eective eld theory arising from a substructure that may become
visible at a much higher energy scale. Let us say that this energy
scale is  beyond which physics should be described by a substructure
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given in terms of a dierent QFT (valid possibly upto a yet larger
scale). We expect that the eective eld theory arising out this high
energy QFT should contain the scale  in some manner. Here we
make a concrete suggestion that this eective theory is in fact the
non-local type theory NLQFT.
Thus, for example, nonlocalized version of the Standard Model with a
scale  (and not the local version) is being understood as the eective
eld theory which should break down beyond scale . We wish to
propose that the knowledge of the scale  is in fact contained in the
NL standard model and that it is retrieved via the relation (3.1) an
analogue of 0 < Z < 1 implemented in perturbation theory.
To be concrete, we recall the relation [12] :




(2; 2; m2; )d2 (3.1)
where X( 2) > 1 as 2> 1 .
We propose a purely theoretical criterion for determining the max-
imum allowed value for . We require that for a given QFT with
given parameters, the maximum value of  at which the theory should
break down as an eective theory is precisely the one at which Z in
(5.1) becomes zero. Unlike the usual assumptions about the QFT,
we do not assume that the theory holds beyond scale  and we do
not allow for the possibility that Z can be negative.






This yields,(without worrying about exact coecients in (3.2) )
max = m exp { 8 2/ }
For m = 1 GeV, and /16 2 = 0.05 [0.01] we obtain:
max = 22 TeV [ 1018 TeV].
Of course, the actual numbers are sensitive to the coecient in (3.2)
and to the value of  in a given theory;however we may expect abound
that is testable in near future.
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